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ABSTRACT 

Background: Glioblastoma multiforme (GBM) is the most fatal glioma with poor prognosis. C6 glioma is an 
experimental model to simulate GBM growth and biology. GBM benefits from Warburg effect (aerobic glycolysis ending 
in lactate formation even in the presence of oxygen) in tumor growth, invasion and metastasis. Citric acid is an antioxidant 
and inhibitor of glycolysis pathway (phosphofructokinase inhibitor) that constitutes the major source of energy supply to 
aggressive cancer cells. Citrate is a promising inhibitor of Warburg effect through blocking glycolysis upstreatm of lactate 
formation step. Methods: Ability of citric acid to inhibit experimental GBM colony formation and anchorage-independent 
growth were investigated. 

Results: Citrate induced a dose-dependent inhibition of growth and proliferation of glioma colonies (attached to 
substratum). High citrate dose (9 mM) inhibited initial formation of glioma colonies. A similar picture was observed 
where citrate induced a dose-dependent inhibition of growth of glioma colonies in soft agar (i.e. not attached to a 


substratum). High citrate dose (9 mM) inhibited initial formation of glioma colonies. In 

conclusion, citrate inhibited 3D tumor models of GBM. Citric acid inhibited clonogenic power of glioma cells. 
Conclusion: Citric acid may be a promising therapeutic modality for glioma and glioblastoma. That is quite promising in 
treating GBM tumors and can be generalized for research in different tumors. 


INTRODUCTION 

Glioma tumors are driven by glycolysis!!! and 
exhibits Warburg effect (increased glycolysis to produce 
ATP with metabolic shift from oxidative phosphorylation 
to glycolysis even in the presence of oxygen). 
Glioblastoma multiforme (GBM) is the most fatal type of 
glioma with poor prognosis. C6 glioma is an experimental 
model to simulate GBM growth and biology. Ability of 
GBM cells to form colonies can be investigated versus 
anticancer treatments using in vitro models. GBM 
benefits from Warburg effect in tumor growth, invasion 
and metastasis’! . 

Citrate is safe, available in citrus fruits, and proved to 
be effective in many therapeutic uses. Recently, high dose 
of citrate (4-6 grams/day) was reported in the treatment of 
medullary thyroid carcinoma in a child with no report of 
metabolic acidosis'!. Also, citrate was reported to have 
anticancer effects in treating mesothelioma! and gastric 
cancer'®l, Low citrate (citric acid) level (<x 1 mM) was 
reported to be inhibitory of phosphofructokinase-1(PFK- 
1), a key glycolytic enzyme!’!, Inhibition of PFK by 
citrate disturbs Warburg effect (metabolic alteration of 
cancer cells in which glycolysis ends with formation of 
lactate even in the presence of oxygen) (Figure 1). 

Citrate was reported to have many diagnostic uses in 
oncology e.g. citrate is an in vivo marker to discriminate 
prostate cancer from benign prostatic hyperplasia'®! to 
facilitate diagnosis of prostate cancer!!. Citrate 
concentrations in human seminal fluid outperforms 
prostate specific antigen in prostate cancer detection”! 
Citrate level is further reduced in metastatic prostate 
disease!®!, Citrate concentrations declined significantly 
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with time in progressing brain stem glioma"! °*Fe-citrate 
and positron emission tomography can measure iron 
uptake in brain tumors"?!, Moreover, citrate was reported 
to show a specific, dose-dependent lympholytic activity 
in neoplastic cell lines "!, 

Citrate was reported to have a lot of therapeutic uses as 
well e.g. in pediatrics, citrate is efficient in the correction 
of diarrhea-induced metabolic acidosis as sodium citrate 
equals sodium bicarbonate in oral rehydration therapy for 
treating childhood diarrhea"). 

In nephrology, citrate inhibits formation and retention 
of crystals in the kidneys making citrate commonly 
prescribed for treating kidney stone disease"*!, urinary 
calculi 4° in addition to treatment of hyperuricosuric 
calcium oxalate nephrolithiasis!!”. 

Interestingly, citrate helps the treatment of antibiotic- 
resistant postoperative wounds in cancer patients!!®! and 
facilitates sperm motility!7!. 

Little research is done regarding the role of citrate as 
an anticancer agent. Citric acid is not suspected of being a 
carcinogen or a teratogenic agent. This may make citrate 
a suitable anti-neoplastic drug targeting glycolysis and 
Warburg effect, a common metabolic alteration in most 
cancer cells in which cancer cells use glycolysis as a 
major energy source even in the presence of oxygen 
(Figure 1), 

In this study, dose-dependent  citrate-induced 
inhibition of glioma colonies was investigated using both 
the clonogenic power and the anchorage-independent 
growth assay. 
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MATERIALS AND METHODS 
Reagents 

Citrate and agar were purchased from El-Nasr 
Company (Cairo, Egypt). Fetal bovine serum (FBS), 
Dulbecco’s modified Eagle’s medium (DMEM), 3-(4,5- 
dimethylthiazol-2-yl)-2,5-diphenylyltetrazolium bromide 
(MTT) were from Sigma (St. Louis, MO, USA). 
DMEM/F12 and penicillin-streptomycin antibiotic 
mixture were from Invitrogen Life Technologies 
(Carlsbad, CA, USA). 
Cell culture 

C6 rat glioblastoma cell line was maintained in DMEM 
containing 10% (v/v) FBS and 1% penicillin- 
streptomycin at 37°C under a humidified atmosphere 
containing 5% CO2. C6 cell culture and passage 

C6 glioma cells (1 x 10* cells/well) were seeded into 
plastic culture dishes for 48 h until cells reaching 80% 
confluency. Medium aspiration and stimulating medium 
(DMEM/F12 containing 1% (v/v) FBS) addition was 
done. Cells are then trypsinized followed by medium 
addition. C6 cells are then plated into new culture dishes 
till reaching confluency. Biology of C6 cells confirms 
that they are rapidly growing cells simulating GBM 
tumors. 


Colony formation assay 

Under complete aseptic conditions, C6 cells were 
seeded in 6 cm plates in nutrient medium (DMEM/F12 
containing 15% (v/v) horse serum, 2.5% (v/v) FBS, and 
1% penicillin-streptomycin). Seeding density was 1 x 10° 
cells/plate. Plates were shaken gently for even 
distribution. Plates were incubated in CO2 incubator for 
10 h. Cells received treatment in the form of serial doses 
of citrate (3, 5 and 9 mM) treatment. Cells were incubated 
in CO2 incubator. Daily follow up using Nikon phase 
contrast light microscopy was done till colonies in control 
plates form 50 cells or more per colony. Aspiration of 
medium was done followed by careful gentle washing of 
plates using 1X PBS. Cells were fixed with 100% 
methanol for 15 min. Methanol was aspirated and plates 
were stained with 0.5% crystal violet Gn 2% ethanol) for 
30 min at room temperature. Crystal violet was removed 
carefully and plates were rinsed with tap water carefully 
and air-dried at room temperature. Plates were 
photographed by digital camera. 
Soft agar assay 

Using 6 well plates, basal agar layer (0.5% agar) was 
prepared. Top agarose layer (0.3% agarose) containing 
C6 cells (2.5 x 10° cells/well) was prepared by mixing 
0.6% agarose with an equal volume of nutrient medium 


(DMEM/F12 containing 15% (v/v) horse serum, 2.5% 
(v/v) FBS, and 1% penicillin-streptomycin) containing C6 
cells. Plates were incubated at 37°C in a humidified 
incubator for 10 h. Treatment in the form of serial doses 
of citrate (3, 5 and 9 mM) was added. Fresh media 
containing treatment was added every other day. Daily 
follow up of colony growth in agarose top layer was done 
using Nikon phase contrast light microscopy. Anchorage- 
independent growth power was calculated by comparing 
percentage ratio of treated wells versus control wells as 
regard number and size of colonies as previously 
reported?"), 
Statistics 

Results shown are (Mean + S.E.M) of the values 
obtained from the indicated number of experiments. 
Differences from control (untreated cells) were analyzed 
by Student’s t test. Significant differences at p < 0.05, p < 
0.01, and p < 0.001 versus control are indicated by *, ** 
and ***, respectively. 


RESULTS 

Citrate significantly reduced colony number in 
glioma cells 

As clonogenic power (colony numbers) reflects 
strength of cancer cells to initiate new metastatic 
tumors!7!, investigation of citrate effect on clonogenic 
power of C6 glioma cells was done in a colony formation 
assay. C6 (1 X 10° cells/ plate) were seeded. Plating 
efficiency (Number of colonies X 100 /Number of seeded 
cells) was estimated to be 34% in C6 cells versus 26% in 
C6 cells. Serial doses of citrate at 3, 5 and 9 mM 
significantly reduced clonogenic power in C6 cells 
(p<0.05, p<0.001 and p<0.001), respectively. At 9 mM 
citrate, almost total absence of clonogenic power was 
observed (Figure 2A-B). 
Citrate significantly decreased glioma growth in soft 
agar 

As rapid growth in soft agar (anchorage-independent 
growth) is a powerful characteristic of cancer cells which 
differentiates them from normal cells. We investigated 
citrate effects on soft agar colonies regarding colony 
number and colony size of C6 glioma cells. Serial doses 
of citrate at 3, 5 and 9 mM significantly reduced colony 
number of anchorage-independent growth in C6 cells 
(p<0.05, p<0.001 and p<0.001), respectively (Figures 3A- 
C). Near total absence of colonies was observed at 9 mM 
citrate (Figures 3A-C). 
There was a dose-dependent decrease in colony size with 
serial doses of citrate treatment e.g. colony size decreased 
significantly at 3, 5 and 9 mM citrate (p<0.05, p<0.001 
and p<0.001) (Figures 2A-B), respectively. 
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Figure 2 - Citrate decreased clonogenic power of glioma cells significantly in a colony formation assay. (A) C6 
glioma colonies. B) Effect of citrate in decreasing clonogenic power of glioma cells. Data are (Mean + SEM) of the 
percentages of the control values of three independent experiments. *p<0.05, **p<0.01 and ***p<0O.001 indicate 
significance between control and different treatment conditions 
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Figure 3 - Citrate decreased significantly anchorage-independent growth of glioma cells in a soft agar assay. (A) 
C6 anchorage-independent growth of glioma colonies in agarose top layer. (B) Effect of citrate in decreasing 
anchorage-independent growth power of glioma colonies. (C) Effect of citrate in decreasing size of anchorage- 
independent growth of glioma colonies. Data are (Mean + SEM) of the percentages of the control values of 

three independent experiments. *p<0.05, ** p<0.01 and ***p<0.001 indicate significance between control and 
different treatment conditions. 
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DISCUSSION 

Glioma cells are driven by glycolysis. 
Phosphofructokinase (PFK) is a key enzyme of 
glycolysis and Warburg effect (Glucose oxidation with 
production of lactate) in GBM cells. PFK catalyzes the 
irreversible phosphorylation step of fructose-6- 
phosphate (F6P) to fructose 1 and 6 diphosphate (F1, 6 
dP). Cytotoxicity of glioma cells may increase with 
citrate-induced energy depletion due to PFK inhibition. 
Glioblastoma multiform (GBM, grade IV astrocytoma) 
is refractory to conventional surgical and 
chemotherapeutic measures!**!, This aggressive type of 
astrocytoma continues to have a poor prognosis in spite 
of aggressive therapeutic efforts. GBM displays the 
Warburg effect (aerobic glycolysis ending in lactate 
formation even in the presence of oxygen). 
Chemotherapy designed to kill dividing neoplastic cells 
remains ineffective for non-dividing invading cells!“ 
Gliomas are driven by glycolysis as gliomas have a very 
low content of normally functioning mitochondria. That 
causes gliomas to shift their energy metabolism towards 
a high level of glycolysis to generate their cellular ATP 
supply (Warburg effect)??!, 

C6 glioma was reported to be an experimental model 
for glioblastoma growth and invasion"*!. Rat C6 glioma 
cell line is rapidly proliferating and is morphologically 
similar to GBM when injected into the brain of neonatal 
rats where tumoral cells show an undifferentiated 
morphology. C6 glioma tumors (formed by injecting C6 
cells into the brain of neonatal rats) have several 
characteristics of malignant glioma including nuclear 
pleomorphism, high mitotic index, foci of tumor 
necrosis, intratumoral hemorrhage and parenchymal 
invasion. Pallisading cells delineate the foci of necrosis 
and lymphocytic infiltration with the occasional 
formation of proteinaceous eosinophilic edema fluid?“ 

Multimodality therapy in cancer is recommended to 
get benefit of many drugs acting by different 
mechanisms of action and to minimize side effects. In 
this study, antiglycolysis therapy for glioma using citrate 
was introduced. 

Citric acid is an antioxidant and inhibitor of 
glycolysis pathway (PFK inhibitor) that constitutes the 
major source of energy supply to aggressive cancer cells. 
Citrate is a promising inhibitor of Warburg effect 
through blocking glycolysis upstreatm of lactate 
formation step. Natural products treatment attracts 
attention of physicians, nutritionists and oncologists for 
its safety, tissue-protection and anticancer potential. 
Citric acid has many applications in hematology 
research e.g. sodium citrate is an anticoagulant. 


In this study, ability of citric acid to inhibit 
experimental GBM colony formation (attached to 
substratum) and  anchorage-independent growth 
(colonies not attached to substratum) were investigated. 
Citrate induced a dose-dependent inhibition of growth 
and proliferation of glioma colonies. High citrate dose (9 
mM) inhibited the initial formation of glioma colonies 
(Figures 2A-B). A similar picture was observed where 
citrate induced a dose-dependent inhibition of growth of 
glioma colonies in soft agar (i.e. not attached to a 
substratum). High citrate dose (9 mM) inhibited initial 
formation of glioma colonies. In conclusion, citrate 
inhibited 3D tumor models of GBM. Citric acid 
inhibited clonogenic power of glioma cells. Citric acid 
may be a promising therapeutic modality for glioma and 
glioblastoma. That is quite promising in treating GBM 
tumors and can be generalized for research in different 
tumors. 

Citrate treatment seems to be safe for normal cells. 
This may be explained by the fact that normal cells with 
normal mitochondria are usually less sensitive to 
inhibition of glycolysis as their intact mitochondria 
enable them to use alternative energy sources such as 
fatty acids and amino acids to produce ATP”. The 
metabolic energy pattern differs in normal cells from 
cancer cells (glioma cells) as a major part of normal cells 
energetics (ATP) comes from respiration (oxidative 
phosphorylation) which has high energy yield?*!. 

In agreement with the report that citrate is an 
inhibitor of PFK, this study data agrees with the report 
by Zhang et al. (2009) who reported that the anti-tumor 
effect of citrate includes depletion of ATP and 
diminution of the expression of the anti-apoptotic 
proteins!!, 

Citrate significantly decreased clonogenic power of 
glioma cells in a dose-dependent manner. Almost no 
glioma colonies were seen with 9 mM citrate (Figures 
2A-B). 

Citrate significantly decreased anchorage-independent 
growth power of glioma cells in a dose-dependent 
manner (Figures 3A-C). Citrate therapy induced a 
significant reduction in size of glioma colonies which 
was dose-dependent on citrate concentration (Figure 3C). 
In glioma, the activities of mitochondrial key enzymes 
were significantly decreased when compared with 
enzyme activities of normal cortex tissue while activities 
of glycolytic enzymes were increased”! 

The levels of hexokinase and PFK in the low grade 
glioma-derived cell lines were not significantly different 
from those of normal astrocyte cultures. However, the 
activities of hexokinase and PFK were consistently and 
significantly increased in the high grade glioma-derived 
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cell lines. Citrate inhibits glioma and normal astrocytic4. 


PFK, but the magnitude of the inhibition is much less in 
astrocytes than in glioma-derived lines?"!, 


As cancer cells depend mainly on glycolysis for” 


supplying energy demands, cancer cells suffer when 
glycolysis 


cells resistant to basic chemotherapeutic agents as 


mitoxantrone, while activity of acidic chemotherapeutic7, 


agents as 5-fluorouracil is enhanced by this low pHe!”!. 
As citrate is acidic in nature, activity of citrate as an 
anticancer agent may be enhanced by the acidic pHe in 
tumors. Citrate causes a decrease in pH of the culture 


medium (DMEM) in vitro in a dose-dependent manner.” 


Chan et al. reported that 0.1 % citrate (4.76 mM) keeps 
DMEM at an alkaline pH (pH: 7.2), while 0.25 % citrate 


(10.71 mM) reduces pH of DMEM to 6.2231, High doseg, 


of citrate e.g. 15 % citrate (0.7 M) for 7 days moderately 


decreased viability of macrophages'*4! Similar to that is10. 


the report by Malheiros et al. who reported that growth 
of NIH3T3 fibroblasts was progressive and continuous 
at 0.1 % citrate treatment for 7 days, while moderate 
cytotoxic effects of citrate treatment occurred at 0.5 % 
(23.8 mM)! 
CONCLUSION 

In conclusion, citrate-induced acidosis in vitro may 
enhance cytotoxicity of high doses of citrate. Citrate 
inhibited 3D tumor models of GBM. Citric acid 
inhibited clonogenic power of glioma cells. Citric acid 
may be a promising therapeutic modality for glioma and 
glioblastoma. That is quite promising in treating GBM 
tumors and can be generalized for research in different 
tumors. 


ACKNOWLEDGMENTS 

The author is grateful to Taibah University, Saudi 
Arabia for kindly providing plagiarism checking facility 
(iThenticate) to achieve this work. 


REFERENCES 

Oudard S, Boitier E, Miccoli L et al. (1997): Gliomas are 
driven by glcolysis: putative roles of hexokinase, oxidative 
phosphorylation and mitochondrial ultrastructure. Anticancer 
Res., 17:1903-1911. 

Wolf A, Agnihotri S, Guha A (2010): Targeting metabolic 
remodeling in glioblastoma multiforme. Oncotarget, 1: 552- 
556. 

Wolf A, Agnihotri S, Micallef J et al. (2011): Hexokinase-2 
is a key mediator of aerobic glycolysis and promotes tumor 
growth in human glioblastoma multiforme. J Exp Med., 
2011:313-326. 


is impaired. Tumors exhibit an acidic¢ 
extracellular pH (pHe = 6.2-6.9)8"!, which makes tumor 


Halabe A et al. (2009): Hypothesis proved...citric acid 
(citrate) does improve cancer: a case of a patient suffering 
from medullary thyroid cancer. Med Hypotheses,. 73: 271. 
Zhang X, Varin E, Allouche S et al. (2009): Effect of 
citrate on malignant pleural mesothelioma cells: a synergistic 
effect with cisplatin. Anticancer Res., 29: 1249-1254. 

Lu Y, Zhang X, Zhang H et al. (2011): Citrate induces 
apoptotic cell death: a promising way to treat gastric 
carcinoma? Anticancer Res., 31: 797-805. 

Marin-Hernandez A, Rodriguez-Enriquez S, Vital- 
Gonzalez P et al. (2006): Determining and understanding the 
control of glycolysis in fast-growth tumor cells. Flux control 
by an over-expressed but strongly product-inhibited 
hexokinase. FEBS J., 273: 1975-1988. 

Kurhanewicz J, Dahiya R, Macdonald J et al. (1993): 
Citrate alterations in primary and metastatic human prostatic 
adeno-carcinomas: 1H magnetic resonance spectroscopy and 
biochemical study. Magn Reson Med., 29:149-—157. 

Costello LC, Franklin RB, Narayan P (1999): Citrate in the 
diagnosis of prostate cancer. Prostate, 38:237—245. 

Kline EE, Treat EG, Averna TA et al. (2006): Citrate 
concentrations in human seminal fluid and expressed prostatic 
fluid determined via 1H nuclear magnetic resonance 
spectroscopy outperform prostate specific antigen in prostate 
cancer detection. J Urol., 176: 2274-2279. 


11. Seymour ZA, Panigrahy A, Finlay JL et al. (2008): Citrate 


in pediatric CNS tumors? AJNR., 29:1006-1011. 

12. Roelcke U, Leenders KL, Von Ammon K et al. (1996): 
Brain tumor iron uptake measured with positron emission 
tomography and 52Fe-citrate. J Neurooncol., 29: 157-165. 

13. Yousefi S, Owens JW, Cesario TC (2004): Citrate 
shows specific, dose-dependent lympholytic activity in 
neoplastic cell lines , 45: 1657-1665. 

14. Islam MR, Samadi AR, Ahmed SM et al. (1984): Oral 
rehydration therapy: efficacy of sodium citrate equals to 
sodium bicarbonate for correction of acidosis in diarrhoea. 
Gut, 25: 900-904. 

15. Byer K, Khan SR (2005): Citrate provides protection 
against oxalate and calcium oxalate crystal induced 
oxidative damage to renal epithelium. J Urol., 173: 640- 
646. 

16. Seltzer MA, Low RK, McDonald M et al. (1996): 
Dietary manipulation with lemonade to treat 
hypocitraturic calcium nephrolithiasis. J Urol., 156: 907- 
909. 

17. Pak CY, Peterson R (1986): Successful treatment of 
hyperuricosuric calcium oxalate nephrolithiasis with 
potassium citrate. Arch Intern Med., 146: 863-867. 

18. Nagoba BS, Punpale AS, Ayachit R et al. (2011): Citric 
acid treatment of postoperative wound in an operated case 
of synovial sarcoma of the knee. Int Wound J., 8:425-427. 

19. Salama N, Kishimoto T, Kanayama HO et al. (2009): 
The mobile phone decreases fructose but not citrate in 
rabbit semen: a longitudinal study. Syst Biol Reprod Med., 
55:181-187. 

20. Warburg O (1956): On the origin of cancer cells. 
Science, 123: 309-314. 


4830 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


ejhm.journals.ekb.eg 


Liao WT, Jiang D, Yuan J et al. (2011): HOXB7 as a 
Prognostic Factor and Mediator of Colorectal Cancer 
Progression. Clin Cancer Res., 17: 3569-3578. 

Rajput A, Dominguez San Martin I, Rose R et al. 
(2008): Characterization of HCT116 human colon cancer 
cells in an orthotopic model. J Surg Res., 147: 276-281. 
Tzeng JJ, Barth RF, Clendenon NR et al. (1990): 
Adoptive immunotherapy of a rat glioma using 
lymphokine-activated killer cells and interleukin 2. 
Cancer Res., 50: 4338-4343. 

Kieran MW, Walker D, Frappaz D et al. (2010): Brain 
tumors: from childhood through adolescence into 
adulthood. J Clin Oncol., 28: 4783-4789. 

Grobben B, De Deyn PP, Slegers H (2002): Rat C6 
glioma as experimental model system for the study of 
glioblastoma growth and invasion. Cell Tissue Res., 310: 
257-270. 

Auer R, Del Maestro RF, Anderson R (1981): A simple 
and reproducible experimental in vivo glioma model. Can 
J Neurol Sci., 8: 325—331. 

Pelicano H, Martin DS, Xu RH et al. (2006): Glycolysis 
inhibition for anticancer treatment. Oncogene, 25: 
254633-254646. 

Hertz L, Peng L, Dienel GA (2006): Energy metabolism 
in astrocytes: high rate of oxidative metabolism and 
spatiotemporal dependence on glycolysis/glycogenolysis. 
J Cereb Blood Flow Metab., 27: 219-249. 


29. 


30. 


31. 


32: 


33. 


34. 


35. 


4831 


Meixensberger J, Herting B, Roggendorf W et al. 
(1995):Metabolic patterns in malignant glomas. J 
Neurooncol. ,24: 153-161. 

Dominguez JE, Graham JF, Cummins CJ et al. 
(1987): Enzymes of glucose metabolism in cultured 
human gliomas: neoplasia is accompanied by altered 
hexokinase, phosphofructokinase, and glucose-6- 
phosphate dehydrogenase levels. Metab Brain Dis., 2: 17- 
30. 

Cardone RA, Casavola V, Reshkin S (2005): The role 
of disturbed pH dynamics and the Na*/H* exchanger in 
metastasis. Nat Rev Cancer, 5: 786-795. 

Mahoney BP, Raghunand N, Baggett B et al. (2003): 
Tumor acidity, ion trapping and chemotherapeutics. I. 
Acid pH affects the distribution of chemotherapeutic 
agents in vitro. Biochem. Pharmacol., 66: 1207-1218. 
Chan CP., Jeng JH, Hsieh CC et al. (1999): 
Morphological alterations associated with the cytotoxic 
and cytostatic effects of citric acid on cultured human 
dental pulp cells. J Endod., 25: 354-358. 

Amaral KF, Rogero MM, Fock RA et al. (2007): 
Cytotoxicity analysis of EDTA and citric acid applied on 
murine resident macrophages culture. Int Endod J., 
40:338-343. 

Malheiros CF, Marques MM, Gavini G (2005): Jn vitro 
evaluation of the cytotoxic effects of acid solutions used 
as canal irrigants. J Endod., 31: 746-748. 


